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New gencra, species and records of Permian Brachiopoda that are important in the
biostratigraphy of the Western Australian Permian marine sequences arc described and
illustrated. New taxa described inciude Gatia superba gen. ct sp. nov., Heteralosia (Ether-
ilosia) subgen. nov. (type species Strophalosia etheridgei Prendergast, 1943), Coolkilella gen.
nov. (type species Cancrinella coolkilyaensis Archbold, 1983), Neochonetes (Sommeriella)
nalbiacnsis sp. nov., N. (S.) hardmani sp. nov., Costatumulus occidentalis sp. nov., Cartor-
hiuan imperfectum sp. nov. and Spirelytha kashirtsevi sp. nov. A lectotype is designated for
Productus humboldtii d'Orbigny, 1842, type speeies of Waagenoconcha Chao, 1927.

SINCE the publication of the first ten parts of
this serics of works on Western Australian
Permian brachiopods, numerous additional
specimens have been collected by various or-
ganisations or have been found in institutional
collections. The present study brings together
various speeimens that add to new generie con-
cepts, represent new speeies or new reeords of
stratigraphieal oceurrences, or provide new
morphologieal information.

The specimens deseribed come from the
Permian sequences of the Perth, Carnarvon,
Canning and Bonaparte Gulf Basins of Western
Australia. Referenees to the Permian stratigra-
phy of these basins are given in previous parts of
this series, and speeific locality and stratigraphi-
cal data are given herein with the systematie
deseriptions. Each species is assigned to the
Western Australian Permian brachiopod zo-
nation reeently proposed by me (Arehbold in
press).

All material deseribed is deposited in the fol-
lowing institutions: the Australian Museum,
Sydney (AMF); the Commonwealth Palaeontol-
ogieal Collections (CPC) of the.Australian Geo-
logical Survey Organisation (AGSO), Canberra;
the Geological Survey of Western Australia,
Perth (GSWA F); the Department of Geology,
University of Western Australia, Perth (UWA);
the Western Australian Museum, Perth (WAM)
and the Museum of Vietoria, Melbourne
(NMV),

Allillustrated speeimens of new speeies other
than holotypes are paratypes.

SYSTEMATIC PALAEONTOLOGY

Phylum BRACHIOPODA
Order StroPHOMENIDA Opik, 1934
Suborder ORTHOTETIDINA Waagen, 1884
Superfamily ORTHOTETACEA Waagen, 1884
Family DERBYIIDAE Stehli, 1954
Subfamily DErRBYNNAE Stchli, 1954

Genus Derbyia Waagen, 1884
Type species. Derbyia regularis Waagen, 1884.

Derbyia hardmani Thomas, 1958a
Fig. 1A

Derbyia sp.—Thomas 1957: 181.—Thomas 1958b: 3.

Derbyia hardinani Thomas 1958a: 78, pl. 5, figs 5-9,
pl. 18, fig. 6, pl. 9, fig. 2.—Thomas 1969; 221.—
Archbold 1988a: 22.

Comments. This speeies has been recorded but
never figured from the Upper Marine Beds of
the Port Keats Group (Thomas 1957, 1958b;
Arehbold 1988a). The only available specimen
(CPC24511) comes from loeality PK 4 (see map
in Thomas 1957: 176), on the coast 13.5 km
north of Cape Dombey, Port Keats area, North-
ern Territory. It is a large ventral valve (73 mm
wide, 54+ mm length), essentially flat with a
gently eoncave median portion and strongly
convex posterior lateral flanks. Although it is
prescerved as a natural ferruginous east, traces of
fine costellae, some 10 to 11 per S mm at 3 to
4 cm from the umbo, are visible. Costellae in-



N. W. ARCHBOLD

vig)

$ «w‘m
m_/f




WESTERN AUSTRALIAN PERMIAN BRACHIOPODS 3

Fig. I. A, Derbyia hardinani Thomas, CPC 24511, natural cast of ventral valve, x 1. B-H, Steptorllynchus lhuigui
Hosking. B, G, H, AMF 45006, complete internal mould of shell in ventral, posterior and dorsal views, x 1. C, D,
F, AMF 44980, internal mould of shell in posterodorsal, dorsal and ventral views, x 1. E, AMF 44974, internal

mould of shell in ventral view, x 1.

——

crease by intercalation. The poorly preserved
interarea is low (approximately 9 mm high), flat
and apsaclinc.

Zone. Waagenoconcha imperfecta Zone. Dzhul-
fian,

Family STREPTORHYNCHIDAE Stehli, 1954

Genus Streptorhynchus King, 1850

Type species. Terebratulites pelargonatus Sehlotheim
1816.

Streptorhynchus luluigui Hosking, 1932
Figs 1B-H, 2A-C

Streptorhynehus Iuluigui.—Archbold 1988a: 24, fig.
2A-Q (with synonymy).

Comments. This species has been extensively
described and figured from the Hardman For-

T et

mation of the Canning Basin (Hosking 1932,
Thomas 1958a), whcre it appears toberestricted
to the Kirkby Range Mcmber (Archbold 1988a).
In the Bonaparte Gulf Basin scquence, S.
Iuluigui 1s characteristic of Assemblage C of
Thomas (1957, 1958b) and is apparently absent
from Assemblage D (Archbold 1988a).

No spccimens have been figured previously
from the Upper Marinc Beds of the Port Keats
Group, Bonaparte Gulf Basin, despite a magnifi-
cent suite of material having becn collectcd by
H. O. Fletcher of the Australian Muscum in
1952 from an ironstonc ridge at the Port Keats
Mission (locality 5 of Thomas 1957: 176). A
number of thesc specimens arc figured herein
becausc they are of relatively large size and, be-
ing intcrnal moulds, show the musele sears and
the degrcc to which the external ornament is vis-
ible on the mature shell interior. Ventral muscu-
lature can be deeply imprcssed, as noted by
Thomas (1958a). The ventral muscle field is

Fig. 2. Streptorhynchus huluigui Hosking. A, B, AMF 44996, internal mould of shell in posterior and dorsal views,
x 1.2 and x 1. C, AMF 44974, internal mould of shell in dorsal view, x 1.
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weakly divided by a low median ridge (Fig. 1B,
E) at full maturity.

Zone. Liveringia magnifica Zone. Late Midian
or Early Djhulfian.

Order CHONETIDA Nalivkin, 1979
Suborder CHONETIDINA Muir-Wood, 1955
Superfamily ANOPLIACEA Muir-Wood, 1962
Family ANOPLIIDAE Muir-Wood, 1962

Genus Gatia gen. nov.

Etymology. For Dr G. A. Thomas, palacontologist and
stratigrapher.

Type species. Gatia superba sp. nov.

Diagnosis. lLarge, smooth anopliid-shaped
shells, widest at hinge. Ventral interior with
short median septum posteriorly and with par-
allel vascular trunks extending to valve anterior
on cither side of scptum. Dorsal interior with
short latcral septa extending to form rounded,
club-shaped brachiophores. Short median
septum arising anterior to shallow alveolus and
separated from short central septum by narrow
depressed region. Short accessory scpta (or
ridges) developed anterior to central septum, ap-
parently by fusion of a row of papillae.

Discussion. The dorsal interior of Gatia gen.
nov. resembles that of no other anopliid genus.
The short aceessory septa (or ridges) suggest an
anopliid affinity but the eentral septum, anterior
totheshort median scptum, recalls ontogencntic
stages of rugosochonetids. Lateral scpta also
recall rugosochonetids. Neverthelcss, the ad-
vanccd brachial ridges of Pcrmian rugosochon-
ctids are absent. The subfamilial position of
Gatia is left opcn; the genus would probably fit
within the Anopliinac in the sensc¢ of Archbold
(1980a) but it is not clear wherc it would be
placed in the scheme proposed by Afanasycva

(19883).
Gatia superba sp. nov.
Fig. 3A-L

Tornquistia magna Archbold 1980a (partim): 186, pl.
25, figs 9, 13 (non cet.).

Holotype. An isolated dorsal valve (NMV P120329)
from the Lyndon River, 9.20 km (5.75 miles) west-
north-west of Round Hill Well, Mia Mia Station,
Carnarvon Basin; originally mapped as Bulgadoo
Shale, now Madcline Formation, lower member, This
and all other speeimens (below) were presented to the
Department of Geology, University of Melbourne by
the Bureau of Mincral Resourees on 8 Feb. 1954.

Other material. Paratypes: NMV P120330, an isolated
dorsal valve; NMV 120331-P120333, three eon-
joined shells; and NMV 1’120334-1120336, three iso-
lated ventral valves. Forty-three additional specimens
were available for study. All speeimens are from the
same collection as the holotype.

Size ranges. Maximum width 11.9-16.4 mm; ventral
length 9.2-11.3 mm; dorsal length 7.5-10.2 mm.

Description. Large sized anopliid. Convexity of
ventral valve pronounced with strongly inflated
mesial portion in thc form of a broad fold.
Dorsal valve concave with markcd median con-
cavity corresponding with broad ventral fold.
Greatest width of shell at hinge line. Exterior
surfacc of shell smooth with fcw growth lines,
cxcept for anterior of maturc valves where
growth lines are more distinct and numcrous.
Ventral interarea prominent, about 1.5 times
dorsal intcrarea height. Cardinal spincs poorly
prcserved, widely spaccd. Ventral umbo fine
and rounded.

Ventral intcrior with prominent, large, strong
teeth. Dclthyrium distinct with thickening of
shell beneath it. High, sharp median septum
bisccts delthyrium and cxtends short distance
anteriorly on valve floor, Small, distinct pseudo-
deltidium in apex of delthyrium. Parallel vascu-
lar trunks arisc adjacent to septum and extend
anteriorly for most of valve length. Muscle scars
wcakly impressed. Anterior and lateral margins
of valve interior finely papillose.

Cardinal process distinet, blunt; internal face
weakly bilobed, cxterior face quadrilobed. Dis-
tinct chilidium bcncath cxterior face of process.
Valve intcrior with shallow alveolus at base of
cardinal process. Short, broad median scptum
ariscs anterior to alvcolus. Median septum
truncated at antcrior end by small deprcssion,
anterior to which arises a short eentral septum.
Latcral scpta short, broad and distinct, extend-
ing antcriorly to form roundcd, club-shaped

Fig. 3. Gatia superba gen. et sp. nov. A, NMV P120330, isolated dorsal valve, interior view, x 3.5. B, C, NMV
P120329, holotype, isolated dorsal valve, interior and exterior views, x 3.5. D, E,NMV P120331, shell in ventral
and dorsal views, x 3.6. F, NMV P120334, isolated ventral valve, interior view, x'% 1.G, NMVP120332 shellin
ventral view, x 3.6. H, NMV P120335, ventralvalvcmlenorv:ew x 3.6.1,NMV P120336, ventral valve interior
view, x 3.5. J-L, NMV P120333, shell in ventral and dorsal views, x 3.5, and umbonal region enlarged, x 3




WESTERN AUSTRALIAN PERMIAN BRACHIOPODS 5

v"' i
sl "".v‘ul,p
g ainut

2

1,0 !

Y Y E gl

RN T

" ﬂ_)' " .

T A
0

o)




brachiophores. Socket plates stout, sockets
large. Anterior of valve with rows of radiating
papillae; adjacent and anterior to the central
septum, two or more of these rows fuse to form
rough, accessory scpta (or ridges). Posterior
margins of valve smooth.

Discussion. No other species is known with the
combination of large size and the dorsal internal
features of Gatia superba. Other Western Aus-
tralian anopliids described by me (Archbold
1980a, 1990) cxhibit incipient characters of this
new form, such as the minute lateral and median
(central) septa, but in dorsal structures those
species do not elosely resemble Gatia superba.

Two ventral valves from the lower member of
the Madeline Formation were previously in-
cluded by me in Torngnistia magna (Archbold
1980a, pl. 25, figs 9a, b, 13a-¢). They are large
valves that are morphologically similar to the
present population. Henee Tornquistia magna s
now considered to be restricted to the true
Bulgadoo Shale.

Zone. Echinalosia prideri Zone. Early Baigendz-
hinian.

Superfamily CHONETACEA Bronn, 1862
Family RUGOSOCHONETIDAE Muir-Wood,
1962
Subfamily RUGOSOCHONETINAE Muir-Wood,
1962

Genus Neochonetes Muir-Wood, 1962
Subgenus Neochonetes (Sommeriella)
Archbold, 1982

Type species. Chonetes praitii Davidson, 1859,
Neochonetes (Sommeriella) nalbiaensis
Sp. nov.
Fig. 4A-N

Neochoneles (Somumeria) 1enuicapillatus  Archbold
1981d (partim): 122, fig. 9X, Y (non cet.).

Holotype. A natural internal mould of a dorsal valve
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(GSWA F43854) from GSWA ficld locality 9568
(photo refcrence Kennedy Range Run 2 Photo 5022).
north-west of Paddy’s Outcamp and south-west of
Middalya Homestead, Carnarvon Basin; Nalbia Sand-
stone. Collector Dr S. K. Skwarko, June 1985.

Other material, Paratypes: GSWA F43855-F43857.
three external moulds of ventral valves; GSWA
F43858-F43861, four internal moulds of ventral
valves; GSWA F43862, an external mould of a dorsal
valve; GSWA F43863-F43867, five internal moulds
of dorsal valves. Same locality, horizon and eollcctor
as holotypc.

Size ranges. Maximum width 12,2+ -28.3 mm; hinge
width 15.5=26.9 mm; hcight of ventral valve 11.8-
18.2 mm; height of dorsal valve 8.2-19.1 mm.

Description. Large Neochonetes. Convexity of
ventral valve gentle with shallow suleus arising
close to umbo. Dorsal valve planar to gently con-
cave with narrow, weakly developed fold devel-
oped antcriorly at maturity. Greatest width of
shell at about mid-length or anterior to mid-
length, Exterior surface of shell with weakly de-
veloped growth lines and fine capillae (about 4
permm at 10 mm from umbo). Ventral interared
low, dorsal interarea very low. Cardinal spines
projeet at variable angle (35° to 50°) on the on¢
available specimen. Ventral umbo loW;
rounded.

Ventral interior with short, stout tecth. Del-
thyrium distinet, broad, relatively small
Median septum arises under delthyrium, ex-
tcnds anteriorly for over three-quarters of valve
length. Musele scars variably impressed; ad-
ductor scars usually indistinet, diductor scars
rclatively distinet. Vascular trunks weakly de-
veloped. Anterior and lateral margins of intertof
strongly papillosc. »

Cardinal proeess low, poorly known. Chilrr
dium not known. Valve interior with prominent
alveolus at base of process. Socket ridges promi-
nent; sockets distinet, deep. Lateral septa an
median septum distinet, arising anterior to al*
veolus. Median septum extends anteriorly from
50% to 60% of valve length. Brachial ridges 10
distinct; region of ridges relatively coarsely pa-

—

Fig. 4. Neochonetes nalbiaensis sp. nov. A, GSWA F43855, latex cast of ventral valve external mould, x 2.5. B-
QSWA F43858, latex cast of dorsal valve internal mould, x 1.7. C, GSWA F43863, latex cast of dorsal valve
internal mould, x 3.2, D, GSWA F43862, latex cast of dorsal valve external mould, x 2.3. E, GSWA F43854
holotype, latex cast of dorsal valve internal mould, x 1.6. F, GSWA F43864, latex cast of dorsal valve internal
mould, x 2.7. G, GSWA F43859, latex cast of ventral valve internal mould, x 2.5. H, GSWA F43865, latex east 0
dorsal valve internal mould, x 2.3. 1, GSWA F43856, latex cast of ventral valve external mould, x 2.3. J, GSWA
F43860, latex cast of ventral valve internal mould, x 1.7. K, GSWA F43866, latex cast of dorsal valve interndl
mould,x 2.2. L, GSWA F43857, latex cast of ventral valve external mould, x 2.3. M, GSWA F43861, latex cast 0
ventral valve internal mould, x 2.1. N, GSWA F43867, latex cast of dorsal valve internal mould, x 2.1.
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pillose at maturity. Anterior of dorsal interior
with radiating rows of fine papillac. Posterior
margins of valve smooth.

Discussion. This distinctive species requires well
preserved collections to permit identification.
The low ventral convexity and relatively flat
dorsal valve discriminate the species from the
slightly older N. (S.) tenuicapifiatns Archbold,
1981d from the Upper Baigendzhinian of the
Carnarvon Basin. The younger N. (S.) afanasye-
vae Archbold, 1981d also is charactcrized by low
ventral convexity but the sulcus is even weaker
in that species, the shell outline is somewhat
rounder and the internal dorsal septa arc more
blade-like.

One submature shell from the Nalbia Sand-
stone was previously included by me in N. (S.)
tenuicapillatus (see synonymy) but falls within
the coneept of the new speeics.

Zone. Neoclionetes (Sommeriella) sp. nov. B
zone of Archbold (in press), herein renamed the
N.(S.) nalbiaensis Zone. Early Kungurian.

Neochonetes (Sommeriella) hardmani sp. nov.
Fig. SA-O

Neochonetes (Sommeria) sp. A.—Arehbold 1981d
(partinm): 126, fig. 12 A, B (non 12C).

Holotype. An isolated dorsal valve (NMV P120350)
from a bed 1.25 m thick at about 40 m below top of
Mount Hardman; Cherrabun Member, Hardman For-
mation, Canning Basin (same level as AGSO locality
KLB 11), collector Dr G. A, Thomas.

Other majerial. Paratypes: NMV P120337-P120343,
scven isolated ventral valves; NMV P120344, a con-
joined shell; NMV P120345-P 120349, five isolated
dorsal valves; same loeality and eolleetor as holo-
type.

Size ranges. Maximum width 11.8-15.1 mm; hinge
width 11.1-14.3 mm; height of ventral valve 9.2—
11.0 mmy; height of dorsal valve 7.7-10.2 mm.

Description. Small Neoclionetes. Convexity of
ventral valve distinet with shallow sulcus arising
closc to umbo. Posterior lateral margins of valve

N. W. ARCHBOLD

clearly demareated from remainder of valve.
Dorsal valve planar with gently concave ne-
pionic region. Dorsal fold obscure. Greatest
width of shell usually at about 40% of shell
length, rarely closer to mid-length. Exterior sur-
face of shell with weakly developed growth lines
and capillac (about 3 per mm at 5 mm from
umbo). Ventral interarca low, dorsal interarea
very low. Ventral umbo low, cardinal spines pro-
jeet at about 40° from posteror margin. Ventral
tecth unthickened. Delthyrium distinet, broad.
Median septum arises under delthyrium, ex-
tends anteriorly for 40% to 60% of shell length.
Musele scars usually weakly impressed. Parallel
vascular trunks weakly to distinetly developed.
Anterior and lateral margins of interior strongly
papillose.

Cardinal process low, weakly bilobed on in-
terior faee, quadrilobed on exterior faee. Chili-
dium not known. Prominent alveolus at base of
process. Socket ridges stout, strong with deep
slit-like sockets. Lateral septa present but not
prominent. Median septum arises well anterior
to the alveolus, blade-like and high anteriorly at
maturity. Median septum cxtends anteriorly
over 60% of valve length. Brachial ridges mod-
crately distinet at maturity, developing and en-
larging from radial rows of papillae. Anterior of
dorsal interior with radiating rows of fine papil-
lac, Posterior margins of valve interior
smooth.

Discussion. Of all the Western Australian rep-
resentatives of Neoclionetes (Sommeriella), only
N. (S.) hockingi Archbold, 1991 resembles the
present speeies in general shell dimensions. N.
(S.) hardmani is readily distinguished from that
speeies by its more prominent suleus, demar-
cated posterior lateral margins, lower cardinal
proecss and finer, more blade-like dorsal
internal septa.

The large specimen of a ventral valve (CPC
1984; Archbold 1981, fig. 12C) is now excluded
by me from N. (S.) hardmani. 1t apparently rep-
resents a larger, poorly known speeies that is
probably allied to Neoclionetes (Somnmeriella).

-

Fig. 5. A-O, Neochonetes (Sommeriella) hardmani sp.nov. A, NMV P120337, ventral valve exterior view, % 3.2.
B, K,.NM'V P120344, conjoined shell in ventral and dorsal views, x 3,%3.2. C, NMV I’120338, ventral valve
exterior view, X 3.2. D, NMV P120339, ventral valve exterior view, x 3.2. E, NMV 1P120340, ventral valve
mterior view, x 3.2. F, NMV P120341, ventral valve interior view, x 3.2. G, NMV PP120342, ventral valve
Interior view, x 3.2, H, NMV P120343, ventral valve interior view, x 3.2, 1, NMV I’120345, dorsal valve exterior
view, x 3.2, J, NMV 120346, dorsal valve exterior view, x 3.2, L, NMV P120347, dorsal valve interior view.
% 3.2. M, NMV P120348, dorsal valve interior view, x 3.2. N, NMV P120349, dorsal valve interior view, x 3.2.
O, NMV P120350, holotype, dorsal valve interior view, x 3.2. P, Q, Waagenites sp., CPC 24512a, latex cast of
ventral valve external mould, and CPC 24512b, ventral valve internal mould, x 3.5.




WESTERN AUSTRALIAN PERMIAN BRACHIOPODS 9

g

i
3

.

Sy

fl“.'-.

Yht,
A
NS .

0 S




10 N. W. ARCHBOLD

Neochonetes is not partieularly common in
Late Permian strata. Some species of this age
show a trend towards weakly developed orna-
ment and an obsolescent suleus (Archbold 1981:
113). A few other speeies resemble N. (S.,) hard-
mani in their stronger ornament, distinet suleus
and small size. Two such species are Neochon-
etes pinegensis (Kulikov, 1974) and N. asseretoi
Fantini Sestini, 1964. N. pinegensis, from the
Kazanian of the Pinega River, northern Russia,
differs from N. (S.) hardmani in being widest at
the hinge and in possessing a distinetive, con-
cave dorsal valve (Likharev 1931, pl. 1, figs 15,
16, 20, 22, pl. 3, fig. 14). N. pinegensis has also
been reported, with a query, from the Kazanian
of the Kanin Peninsula (Stepanov et al. 1975: 57,
pl. 1, figs 3, 4) but the matcrial appears to rep-
resent a distinet species with strong sharp capil-
lae and a narrow suleus. N. asseretoi, from the
Upper Ruteh Formation of Iran, differs from V.
(S.) hardmani in possessing a more pronounced
ventral umbo. N. armenicus Sokolskaya (in
Ruzhentscv & Sarycheva 1965: 209, pl. 32, figs
1-3; sec also Grunt et al. 1974: 130, pl. 58, figs
3-5) from the Djhulfian of Armenia is of com-
parable size to N. (S.) hardmani but lacks a sul-
cus and possesses a distinetly concave dorsal
valve.

Zone. Waagenoconcha immperfecta Zone (Arch-
bold 1988a). Djhulfian.

Genus Waagenites Pacckelmann, 1930
(= Diencrella Reed, 1931)
Type species. Chonetes grandicosta Waagen, 1884,

Waagenites sp.
Fig. 5P-Q
Waagenites sp.—Arehbold 1988a: 22, 27.

Comments. A single speeimen (CPC 2451 2a, b)
of a small ventral valve (4.1 mm wide, 4.4 mm
long), consisting of both the external and
internal moulds, is figured hercin. The specimen
is from the Upper Marine Beds, Port Keats
Group, at loeality PK 4 on the coast approxi-
mately 13.5 km north of Cape Dombey, Port
Keats arca, Northern Territory.

The specimen is subquadrate in outline with a
distinet sulcus and a short posteriorly located
median septum. Costellae are prominent and in-
crease by bifurcation. They number about 2 per
mm, are broad, somewhat flattened and are sep-
arated by narrow, sharp troughs.

This speeies is readily distinguished from
Waagenites stani Archbold, 1988, from slightly
olderstrata in the Canning Basin, by means of it$
distinetive suleus, shell outline and pattern of
costellae. Although the specimen is inadequate
for detailed eomparison with other species of the
genus, its small size, strong costellae and distinet
sulcus strongly rccall Waagenites aequicosta
(Waagen, 1884, pl. 60, fig. 7a-¢) from the
Cephalopoda-bed of the upper Productas Lime-
stone of Jabi (Pakistan), Salt Range.

Zone. Waagenoconcha imperfecta Zone. Djhul-
fian.

Subfamily SYALBARDIINAE Archbold, 1982¢

Genus Svalbardia Barkhatova, 1970
Type species. Chonetes capitolinus Toula, 1875b.
Svalbardia narelliensis Archbold, 1981
Fig. 6A-J

Svalbardia thomasi Arehbold, 1981b (partimn): 6, fig
2E, S, R (non cet.).
Svalbardia narelliensis Arehbold 1981d: 11, fig, 2A-Y.

Coniments. Two speeies of Svalbardiahave been
deseribed from the Permian of Western Aus-
tralia. S. narelliensis Archbold, 1981d from beds
near the top of the Noonkanbah Formation,
Canning Basin, invariably lacks a suleus and
usually possesses weakly developed dorsal
internal structures. The slightly younger S.
thomasi Archbold, 1981b possesses a more dis-
tinet suleus at maturity and strongly developed
dorsal internal structures. Other features of the
two species are similar.,

The present suite of figured speeimens,
GSWA F43859-F43868, collccted by Dr S. K-
Skwarko from the Nalbia Sandstone at the same
locality as Neochonetes (Sommeriella) nalbiaen-
sis (GSWA locality 69568), are referrable to S-
narelliensis. The absence of a suleus in all of the
ventral valves is noteworthy, and brachial ridges
are extremely feebly developed at maturity. Pre-
viously figured specimens from the Nalbia
Sandstone (Arehbold 1981, fig. 2E, S, R) are herc
referred to S. narelliensis and as a result S
thomasi is now considered to be restrieted to the
Baker Formation.

Zone. Neochonetes (Sommeriella) nalbiaensis
Zonc. Early Kungurian.

Order PRoODUCTIDA Sarycheva & Sokolskaya
1959
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Suborder STROPHALOSIIDINA Waterhouse,
1975
Superfamily STROPHALOSIACEA Schuchert,
1913
Family STROPHALOSIIDAE Sehuehert, 1913
Subfamily STROPHALOSIINAE Schuchert, 1913

Genus Heteralosia King, 1938

Type species. Heteralosia slocomi King, 1938,

Subgenus Heteralosia (Etherilosia)
subgen. nov.

Type species. Strophalosia etheridgei Prendergast,
1943,
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Etymology. For R, Etheridge Junior, 1847-1920.

Diagnosis. Small to medium sized Heteralosia
speeies with distinet rhizoid spines of attach-
ment, distinet relatively large eicatrix of attach-
ment, and uniform suberecet ventral spines.

Discussion. Heteralosia has previously been
broadly interpretated by many authors inelud-
ing myself (Archbold 1986—sce for review of
previous literature). A re-examination of ae-
counts of the type species by King (1938: 278, pl.
39, figs 15~18) and Muir-Wood & Cooper (1960:
80, pl. 3, figs 6-13) reveals some differenees
from Western Australian speeies previously re-

ventral valve external mould, % 3.5. G, GSWA F43865, latex cast of mature ventral valve internal moule, x 3.2.
H, GSWA F43866, latex cast of ventral valve external mould, x 3. I, GSWA F43867, latex east of ventral valve
external mould, x 2.8. J, GSWA F43868, latex east of dorsal valve external mould, x 3.2.
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ferred to Heteralosia. These differences are con-
sidercd to be of subgeneric importance and may
assist in delineating lincages of species within
Heteralosia.

Heteralosia (Etherilosia) lacks the two sets of
spines (ereet and prostratc) distributed over the
cntire ventral valve of I (Heteralosia), as de-
scribed by Muir-Wood & Cooper (1960: 81). /1.
(Etherilosia) instead posscsses uniform suberect
spines over the ventral valve. [1. (Etherilosia) is
also eharacterised by a prominent cicatrix of at-
tachment accompanied by fine, rhizoid spines
which may attain a significant length in terms ol
shell size (Archbold 1986: 106, 108, figs 3K, V,
4M). Rhizoid spines arc not a feature of H.
(Heteralosia) sloconti (sec Muir-Wood & Cooper
1960, pl. 3, figs 8-10).

The relatively large size of the cicatrix of at-
tachment of Western Australian species such as
H. (Etherilosia) etheridgel indicates that these
specics remained attached throughout life, un-
like 1. ([Ieteralosia) slocomi. 1t has been
demonstrated clscwhere (Archbold 1986) that
Western Australian speeies now referred to f1.
(Etherilosia) are not juveniles of larger specics.

Heteralosia (Etherilosia) prendergastae
(Coleman, 1957)

Fig. 7A~F

Comuments. The revision of Western Australian
speeices of HHeteralosia by Archbold (1986) rc-
sulted in this speeies being restricted to on¢
specimen. A small collection of specimens from
AGSO Locality 7864 0142, described as 9 km
WNW of Wandagee Homestead, bank of Mini-
lya River, siltstonc with mud clasts, probably
basal Cundlego Formation, Carnarvon Basin”,
provides additional morphological data.

H. (E.) prendergastae is relatively large, up to
14.5 mm wide, with numerous semi-ercet ven-
tral spines scattered over the valve, Rhizoid
spines arc not well known but traces occuf
around the cicatrix of attachment. Valve in
teriors are typical of the genus.

The additional material appears to confirm
the suggestion (Archbold 1986) that 1. (E.) prei-
dergastae is characterised by the possession O
relatively numerous ventral spines in eompari-
son with other speeics.

Fig. 7. lleteralosia (Elheri_/osia_) prendergasiae (Coleman). A, CPC 24513, ventral valve interior, x 3.2. B, CPC
24514, ventral valve exterior view, x 3.0. C, CPC 24515, dorsal valve interior view, x 4.0. D, CPC 24516, dorsal

valve interior view, x 3.2, E
view, x 3.2.

, CPC 24517, dorsal valve interior view, x 3.2. F, CI’C 24518, dorsal valve interior
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Measurements (in mm).

Hinge Maximum Ventral Dorsal
Speeimen width width height  height
CPC 24513 9.4 12.9 11.4 —
CPC 24514 9.5 14.5 13.0 —
CrcC 24515 7.3 10.6 —_ 10.1
CPC 24516 11.1 14.3 — 11.2
CrC 24517 7.6 9.8 — 8.7
CPC 24518 8.8 12.2 - 10.6
Zoue. Fusispirifer cundlegoeusis Zone. Late

Baigendzhinian.

Genus Wyndhamia Booker, 1929

Type species. Wyndhamia dalwoodensis Booker,
1929,
Comments. Western Australian  speeies ol

Wyudhamia were reviewed by Archbold (1987)
who noted that further detailed deseription was
required in order to understand the nature of the
type speeies. Arcricalosia Waterhouse (1986a)
may have use as a genus or subgenus when the
ventral spine pattern of Wyudhamia is fully
understood. Western Australian speeies referred
herein to Wyudhauia possess ventral spines of
uniform size, as in Arcticalosia, rather than of
two sizes as stated to be the case in Wyudhamia
(Waterhouse 1986a: 2).

Forthe present study, material of Wyudhamiia
speeies from the Carnarvon Basin, deseribed
originally by Coleman (1957), was reinvesti-
gated and the speeimens are refigured (Fig 8).
Speeimen locality dataare provided by Coleman
(1957). The review of Coleman’s specimens in-
dieates that three distinct speeics are present in
the Late Artinskian and Early Kungurian faunas
of the Carnarvon Basin. The ecarliest of these
speeies, Wyudharmia multispinifera (Prender-
gast) from the Cundlego Formation, is charae-
terised by fine, uniform ventral spines with short
spine bases and a brush of fine spines over the
ventral ears (Coleman 1957, pl. 18, figs 3,4, 6. 7,
11, 12, 14 and probably 13; see also Arehbold
1987, fig. 3G-K, P-Q, fig. 4A-F). Enlarged illus-
trations of ventral valve exteriors (Fig. 8B, K)
confirm the nature of the fine spines and the
short nature of most spine bases. The speeies 1s
restricted to the Fusispirifer cundlegoensis Zone
of Arehbold (in press).

The sccond speeies, hercin referred to as
Wyudhaimnia sp. A, is based on limited material
from the Wandagee Formation (Coleman 1957,
pl. 18, figs 5, 8-10; also figured herein Fig. 8F,
G, J, L). This speecies is distinguished by its

coarse ventral spines with relatively long spine
bases (W. colemani Archbold, 1987 also pos-
sesses coarse ventral spines but lacks the long
spine bases), distinetly eonvex dorsal interior
(unlike that of 1. multispinifera which is essen-
tially flat), robust eardinal proecss (Coleman
1957, pl. 18, fig. 5) and distinet suleus on the
ventral valve. The speeies, oceurring in the
Fusispirifer wandageeusis Zone of Archbold (in
press), is not named beeause of the shortage of
material.

The third species, herein referred to as Hynd-
hamia sp. B (see Archbold 1987, fig. 3L, M), is
known only from a single incomplete dorsal
valve from the Nalbia Sandstone (Early Kungu-
rian). The flat nature of the dorsal interior
suggests separation of the specimen from other
known speeies of the genus. The speeies is re-
stricted to the Neochonetes (Sounneriella)
natbiaeusis Zone.

Suborder PRODUCTIDINA Waagen, 1883
Superfamily LINOPRODUCTACEA Stehli, 1954
Family LiINOPRODUCTIDAE Stehli, 1954
Subfamily AURICULISPININAE Waterhouse,
1986b

Genus Costatumnlus Waterhouse, 1983a

Type species. Auriculispina tumida Waterhouse in
Waterhouse et al. 1983.

Counents. Cancerinella was interpreted broadly
by me in an carlicr study (Archbold 1983). Nu-
merous generie names are now available in order
to split lineages of speeies formerly attributed to
Cancrinella. This splitting is also made necess-
ary by the observation that true Cancrinelia pos-
sesses dorsal spines, as discussed and figured by
Grigoryeva ct al. (1977, pl. 19. fig 2¢).
Western Australian species previously attri-
buted by me to Caucrinella lack dorsal spines
and appear to fall into three groups as follows.
1. A group of speeies with fine costellae, low
narrow rugae and reeumbent ventral spines with
distinet spine ridges. Dorsal valves possess ¢os-
tellac and dimples and are very gently genicu-
late. These forms, which are now attributed to
Costatunius, inetude Caucrinella irwinensis
Archbold, 1983, Caucriuelia sp. A of Archbold
(1983), and Costatunnilus occidentalis sp. nov.
2. A rare speeices, deseribed as Carcrinella sp.
B by Arehbold (1983), with coarse, prominent
ventral rugae. This species is referred herein to
Maguiplicatina Waterhouse, 1983b.
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Fig. 8. A-E. H, 1, K, Wyndhamia multispinifera (Prendergast). A, UWA 34457, dorsal valve, interior view, x 1.2
B, C, UWA 34454, ventral valve in ventral and interior views, x 1.3 and x 1.1. D, E, UWA 29057, ventral valve
internal mould in ventral and anteroventral views, x 1. H, UWA 34456, dorsal valve, interior view, x 1.1. 1, K,
UWA 34455, ventral valve in interior and ventral views, x 1.2 and x 1.25. F, G,J, L, Wyndhamiasp. A.F, G, J,
UWA 274544, ventral valve in interior, ventral and posteroventral views, x 1.25,x 1 and x 1. L, UWA 27454b,

dorsal valve, interior view, X 1.1,

—_—

3. A group of distinetive speeies with strongly
enrolled ventral valves and with dorsal valves
that lack spines, have a flat visceral dise and a
striking genieulation anteriorly. These speeies,
herein referred to Coolkilella gen. nov., include
Cancrinclia coolkilyaensis Archbold, 1983 and
Productus bellus Etheridge, 1918.

Whetherthe above genera should be treated as
subgenera is perhaps arguable but in this study
they are aceepted as being of generie rank.

Costatumulus occidentalis sp. nov.
Fig. 9A-!

Linoproductus [yoni.—Coleman 1957 (partim): 76, pl.
8, figs 16-19, 22 (non 20, 21).
Lyonia lyoni.—Archbold 1983 (partim): 244,

Holotype. UWA 32025, an internal mould of a com-
plete shell and the external mould of the dorsal valve,
from Glendevon Homestead. Woolaga Creek, Irwin
River area; High Cliff Sandstone (previously thought
to be Fossil Clff Formation), Aktastinian (Early
Artinskian).

Other material. Paratypes: a ventral valve internal
mould (UWA 32028) and an incomplete dorsal valve
external mould (UWA 32028a).

Mecasurements (in mm).

Hinge Maximum Ventral Dorsal

Speeimen width width height  height
UWA 32025 43 48 38 36
UWA 32028 43.5 47 38 —
UWA 32028A - —_ — 33.5

Description. Large speeies, transverse in outline,
hinge wide, maximum width of shell at mid-
length. Relatively gently eoncavo-convex for
genus.

Ventral valve evenly econvex from umbo.
Transverse profile evenly arcuate, no suleus.
Umbo low, protruding weakly above hinge line.
Ears distinet, sharply demarcated from lateral
flanks. Distinet row of hinge spines. Interior of
valve refleets external ornament, musele scars
not developed.

Costellac prominent over ventral valve, ab-
sent on ears, rounded in eross seetion with nar-
row intereostal troughs, 10 per 5 mm at 15 mm

from umbo, 8 per 5 mm at anterior of valve.
Spine ridges higher and wider than costellac,
arising anterior to spine ridges. Spine ridges up
to 4.5 mm in length at anterior of ventral valve.
Rugae prominent on ears, weaker over venter,
relatively fine overall.

Dorsal valve gently coneave with weak geni-
culation at anterior of valve. External ornament
of eostellac, rugae and dimples mirroring the
ventral valve ornament. Ears weakly demar-
cated from viseeral dise. Dorsal interior with
median septum approximately half as long as
viseeral dise. Cardinal proeess poorly known,
appears to be typieally linoproduetid.

Comments. Costatumulns occidentalis sp. nov.
is larger than the other Western Australia specics
C. irwinensis (Arehbold) and the poorly known
Cancrinella sp. A (Archbold 1983). C. tumidus
(Waterhouse) from the Artinskian Tiverton For-
mation of the Bowen Basin, Queensland, pos-
sesses finer costellac than the new speeies.

Costatumulus apparently oceurs also in north-
castern Siberia in the Permian of Verkhoyanya.
Some speeimens referred to Caucriuella grandis
Solomina, 1981 (sec Abramov & Grigoryeva
1988: 123, pl. 10, fig. 19. pl. 11, figs 1-4) appear
to lack dorsal spines and recall C. occidentalis in
size and ornament, although eostellae are finer
on the speeimens deseribed by Abramov &
Grigoryceva. The type specimens of C. grandis
possess dorsal spines (Solomina 1981).

Zone. Neochonetes (Sommeriella) sp. nov. A
Zonc. Aktastinian (Early Artinskian).

Genus Coolkilella gen. nov.

Type species. Cancrinella coolkilyaensis Arehbold,
1983.

Diagnosis. Aurieulispininae with strongly en-
rolled ventral valve and dorsal valve with flat or
very gently eoncave viseeral dise and pro-
nouneed genieulation anteriorly. Ventral spines
present but dorsal spines absent. Ventral ruga¢
weakly developed.

Discussion. With the restrietion of Cancrinella
to speeics with dorsal spincs, a distinctive group
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g"ig. 9. Costatumulus occidentalis sp. nov, A-C, E, UWA 32025, holotype, dorsal valve external mould and
internal mould of shell in ventral, dorsal and anterior views, x 1.1. D, H, I, UWA 32028, ventral valve internal
mould in ventral, antecroventral and anterior views, x 1.1. F, G, UWA 32028a, incomplete dorsal valve external

mould in full and anterior views, x 1.1.

-

of Western Australian specics requires a new
genceric name. Neither Costatumulusnor Magni-
plicating are suitable, as implied above. Ganelin
(in Kashik 1990) has proposed the gencric
names Kolvmaella and Omolonia for certain
specics previously included in Cancrinella.
Kolymaclla, with type speeics Cancrinella ogon-
erensis Zavodovsky (1960a: 65, pl. 1, figs 13,
14), rcealls Costattmunlus and appcears to lack
dorsal spincs. The dorsal valve is very gently
geniculated. Omiolonia, with type speeies Can-
crinella snjatkovi Zavodovsky (1960c: 323 pl.
79, figs 7-9), represents a distinetive form with
numcrous fine spines with shorl spinc bases
closely scattered over the ventral valve and
henee is not close to Coolkilella gen. nov.

The most striking feature of Coolkilella
coolkilyaensis, from the Kungurian Coolkilya
Formation of the Carnarvon Basin, is the extra-
ordinary development of the geniculation at the
anterior of the cssentially flat visceral disc
{Archbold 1983, fig. 2M-0). This fcature of the
dorsal valve recalls Terrakea Booker, 1930 but
that genus possesses prominent dorsal spines,
unlike Coolkilella.

Coolkilella bella (Etheridge, 1918)
Fig. 10A-C

Cancrinella bella.—Arehbold 1983: 241, figs 1Q-X,
2A, B (with synonymy).

Conuinents. My earlier review of this speceics
was primarily restricted to spcecimens from
the Noonkanbah Formation, Canning Basin
{Archbold 1983). Coleman (1957) described
speeimens of this speeies from the Wandagee
Formation, Carnarvon Basin. One of thosc
speeimens is refigured herein in order to illus-
trate the strongly enrolled nature of the ventral
valve and the distinetive ornament of ventral
spine bascs that normally give rise to one costclla
at the anterior of each base. The strongly devel-
oped dorsal geniculation of the dorsal valve of
Coolkilelia bella was illustrated by Coleman
(1957, pl. 8, figs 5. 6) in a submature dorsal
valve,

Coolkilella bella is distinguished from C. cool-
kilyaensis by the former specics’ cxtremely
weakly developed ventral rugac across the
venter. Cancrinella sp. of Archbold (1982b, pl.

2, figs 12-19) from the Late Artinskian or Early
Kungurian of lrian Jaya may be allied to Cool-
kilella as it possesses spine bases that often give
risc to only a single costella. The dorsal valve of
the Irian Jayan species is unknown.

Zone. Fusispirifer wandageensis Zone. Latest
Artinskian to Early Kungurian.

Superfamily PRobucTACEA Gray, 1840
Family DicTyocLOsTIDAE Stchli, 1954

Genus Costiferina Muir-Wood & Cooper,
1960

Type species. Productus indicus Waagen, 1884.

Costiferina wadei (Prendcrgast, 1943)
Fig. 10D-E

Costiferina wadei.—Archbold 1985: 24, fig. 4A-L
(with synonymy).

Comments. Previous descriptions of C. wader by
Prendergast (1943), Coleman (1957) and Arch-
bold (1985) did not include precise details of the
dorsal valve interior because of a lack of well
preserved material. A single dorsal valve (CPC
24519) from AGSO locality KNA 17 (deseribed
as a measured scetion of the Noonkanbah For-
mation, south of Grant Range, Canning Basin,
about 13 km (8 miles) bearing 120° from Mount
Anderson homestead, approximately 50 m
above the base of the scetion) provides details of
the dorsal interior.

The interior of the dorsal valve is strongly ge-
niculatcd. The median scptum arises at the base
of the cardinal process and extends across the
visceral dise with a blade-like termination. Ad-
ductor scars are distinet and dendritic. Brachial
ridges arc distinct and arise at a low angle. Pos-
terior lateral ridges are prominent and the mar-
ginal ridge on the lateral margins of the visceral
disc are low. The coarse costac on the exterior of
the trail arc reflected on the interior. Details of
the dorsal interior confirm the assignment of the
specices to Costiferina.

Zone. As discussed briefly in Archbold (in
press), the age of C. wadei may be as old as the
Ecliinalosia prideri Zone (Early Baigendzhinian,
Artinskian) but evidence is equivocal.
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Family MARGINIFERIDAE Stehli, 1954

Genus Retimarginifera Watcrhouse, 1970

Type species. Retimarginifera perforata Waterhouse,
1970.

Retimarginifera perforata Waterhousc, 1970
Fig. 10F-S

Retimarginifera perforata.—Arehbold 1984: 116, fig.
2A-X, AA (with synonymy).

Comments. Two spcecies of Retimarginifera, in-
cluding the typc species, are recognised from the
Permian of Western Australia (Archbold
1984a). Coleman (1957) and Condon (1967) re-
corded the genus from various formationsin the
Carnarvon Basin and Coleman also recorded it
from the Noonkanbah Formation of the Can-
ning Basin. My previous review of the genus was
only able to confirm the occurrence of the genus
in the Cundlego, Wandagec and Coolkilya For-
mations of the Carnarvon Basin. While search-
ing through the Canning Basin collections of
the AGSO, a small suite of specimens was
discovered from the Noonkanbah Formation,
confirming Coleman’s (1957) report. The speci-
mens (CPC 24520-24523, 30868-30870), all
from AGSO locality KNA 29 (dcscribed as
about 13 km bearing 120° from Mount Anderson
Homestead, about 277 m (910 fect) above base
of measured section), conform to previous
descriptions of the species.

Zone. The possibility of recognising zones based
on brachiopods within the Noonkanbah For-
mation was implied by Thomas (1958a: 24), and
additional data to support this view are
provided by Archbold (in press). The present
material probably indicates an horizon in the
Noonkanbah Formation belonging to the
Fusispirifer cundlegoensis Zone.

Family WAAGENOCONCHIDAE Muir-Wood &
Cooper, 1960
Subfamily WAAGENOCONCHINAE Muir-Wood
& Coopcr, 1960

Genus Waagenoconcha Chao, 1927

Type species. Productus humboldtii d’Orbigny (1842:
54, pl. 5, figs 4-7) from the early Permian of Yarbi-
ehambi, Bolivia.

Conunents. The genus has been well described
by Coleman (1957), Grant (1966) and Coopcr &
Grant (1975). The type species has been figured
extensively from the type region by Kozlowski
(1914, pl. 7, figs 1-9), Muir-Wood & Cooper
(1960, pl. 89, figs 6—10), Branisa (1965, pl. 64,
figs 11-19) and Samtleben (1971, pl.2, figs 17—
19). The syntypic serics of d’Orbigny (1842) was
refigured by Tschernysehew (1904: 31, figs T1-
T3a). No lectotype of Productus hummboldtii has
been selected by subsequent workers, so 1 select
as lectotype the specimen figured by Tschernys-
chew (1904: 31, figs T1 and Tla). It was said by
Tschernyschew to be housed in the d’Orbigny
collcction of the Museum d’Histoire Naturelle,
Paris.

Large Permian specimens from Bear Island
figured by Wiman (1914, pl. 14, figs 8, 9, pl. 15,
figs 1, 2, pl. 16, figs 1-4) as P. humbokdtii were
named Ruthenia wimani by Fredericks (1934:
28). This species was chosen by Waterhouse
(1983b: 125) as type species of the new genus
Wimanoconcha, which was briefly diagnosed as
typieally possessing an “‘externally flat, anter-
iorly thickened dorsal valve, with subcrenulate
hinge”. An examination of Wiman’s excellent
illustrations indicates that his spccimens are
gerontie individuals. Large dendritie adductor
sears and distinct brachial ridges arc present in
the dorsal valve, whieh is gently coneave exter-
nally with a distinct median fold. The hinge line
is straight and the ventral sulcus is distinct early
in ontogeny but flattens out anteriorly in geron-
tic specimens.

Wimanoconcha appears to have value as a
subgenus of Waagenoconcha, but for reasons
different to those provided by Waterhouse
(1983b). Large specics of Waagenoconcha typi-
cally possess a long trail with crenulations devel-
oping radially on the flanks and centre of the
trail (Wiman 1914, pl. 15, fig. 1, pl. 16, fig. 2).
Dorsal valves may develop weak crenulations at

—

Fig. 10. A-C, Coolkilella bella (Etheridge), AMF 38455, ventral valve in posterior, ventral and anteroventral
views, x 1.25. D, E, Costiferina wadei (Prendergast), CPC 24519, dorsal valve in interior and anterior views, x 1.
F-S, Retimarginifera perforate Waterhouse. F-H, CPC 24520, ventral valve in posterior, ventral and anterior
view, x 2.1, J, CPC 24521, ventral valve in posterior and ventral views, x 2. K, L, CPC 24522, ventral valve in
anterior and lateral views, x 2. M, N, CPC 24523, ventral valve in posterior and ventral views, x 2. O, P, CPC
30868, ventral valve in ventral and anterior views, x 2. Q, CPC 30869, ventral valve in ventral view,x 2. R, §,
CPC 30870, ventral valve in posterior and ventral views, x 2.
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the anterior margin (Kalashnikov 1986, pl. 121,
fig. 7b) and become thickened anteriorly and
internally in the region of the visceral disc.
Thesc distinctions serve to characterise the sub-
genus Wimanoconcha.

Subgenus Waagenoconcha (Wimanoconcha)
Waterhouse, 1983

Type species. Ruthenia wimani Fredericks, 1934.

Comments. Large spccimens referred to Freder-
icks's species have been recorded throughout the
Arctic from areas such as East Greenland (Dun-
bar 1955), Spitzbergen (Stepanov 1936, Gobbett
1964), the northern Timan (Kalashnikov 1986),
the Pechora Basin and thc Pay-Khoy (ifanova
1972, Solomina 1960), the Taimyr Peninsula
(Einor 1946), the Verkhoyansk (Abramov &
Grigorveva 1988) and the Kolyma-Omolon
region (Sarycheva 1984). Large specics from In-
ner Mongolia attributed to  Waagenoconcha
(Lec et al. 1984, 1985) also belong in Wimano-
concha. Spceimens referred to various varicties
of Productus (Ruthenia) pnrdoni by Reed (1944,
pl. 13, figs 1-6, pl. 14, figs 1-6) from the Salt
Range, Pakistan, are also allied.

Bascd on the new material illustrated herein,
the Western Australian specics Waagenoconcha
imperfecta Prendergast is assigned to Wimano-
conc{za on the basis of the morphology ol mature
speeimens,

Waagenoconcha (Wimanoconcha) imperfecta
Prendergast, 1935

Figs 11A-H, 12A-K, 13A-G

Waagenoconcha imperfecta Prendergast 1935: 15, pl.
4, figs 1-3.—Prendergast 1943: 23, pl. 3, figs 7-9.—
Coleman 1957: 82, pl. 10, figs 8-14, pl. 11, figs 1-
6.—Archbold 1988: 22.

W?agc'uoconclm vagans.—Prendergast 1943: 26, pl. 3,
1. 6.

cf. Waagenoconcha imperfecta—Tazawa 1974: 127.
pl. 1. figs 4-6, pl. 2. figs 2-7, pl. 3. figs 1-3, pl. 4, figs
1-4, 7.

Holoiype. A submature shell, UWA 3044, from
Luluigui Station, west Kimberley district; Hardman
Formation, Cherrabun Member, Canning Basin.

Maierial. CPC 30871-30872, two internal moulds of
shells from AGSO Locality KLC 42, near Tutu Bore,
Nerrima Station, on flank of Dry Corner Syncline,

north-west of Nerrima Dome. CPC 30873, an internal
mould of a dorsal valve from AGSO locality M3, Lat.
19°12°S, Long. 125°32°E, central Millyit Range. CPC
30874-30884, a ventral valve, five complete dorsal
valves, four incomplete dorsal valves and an external |
mould of a dorsal valve, all from AGSO locality KLB
11, from beds 1.25 m thick at about 40 m below top of
Mount Hardman. All Cherrabun Member of Hardman
Formation, Canning Basin.

CPC 30885-30886, a dorsal valve internal mould
and an incomplete ventral valve internal mould, from
AGSO locality PK 1, Tchindi Beach, west of Port Keats
Mission. CPC 30887-30888, two fragments ol dorsal §
valves, from AGSO loeality PK4 on coast approxi
mately 13.5 km north of Cape Dombey, Port Keats
arca, Northern Territory. Upper Marine Beds, Pon
Keats Group.

Comments. This species was described by pre
vious authors (Prendergast 1935, 1943; Cole
man 1957) on the basis of chicfly submature '
individuals. The ncw material illustrated herein
provides additional details on the maximun
size of individuals and the nature of mature dor |
sal valves, and documents the species from the
Port Keats Group. ’

The largest of the specimens show the devel
opment of radial erenulations of the shell on ti
flanks of the ventral trail (Fig. 1 1A, H). The ver
tral sulcus also flattens antcriorly on these spect |
mens. Mature dorsal valves show the initid |
appearance of visible brachial ridges (Figs 1 1A
13A, C). The cardinal process develops from ! |
short, weakly lobatc structure in juvenile spect |
mens (Figs 12C, 13E) to a strongly trilobat '
feature at submaturity (Fig. 12D-H). Gerontil |
dorsal valves show distinct thickcning of ti¢
valve and the cardinal process takes on a blun! |
appcarance (Fig. 13A). ‘

Specimens attributed to Productus waageni by
Broili (1916, pl. 118, figs 1-5) from the Upp¢!
Permian of Timor were considercd by Prender
gast (1943) and Coleman (1957) to be represer
tatives of Waagenoconcha (Wimanoconchi
imperfecta. While the two spceics are similar if
many details, they are distinguished by ti
nature of the spinc bases (seec Archbold & Birl
1989).

Tazawa (1974) referred to Waagenoconcl!
(Wimanoconcha) imperfecia an extensive suif |
of specimens from the upper part of the Lowd! |
Kanokura Series, southern Kitakami Moun’,

tains, north-cast Japan. The specimens are gef’

Fig. 11. A-H, Waagenoconcha (Wimanoconcha) imperfecta Prendergast. A-D, CPC 30871, internal mould Q( ‘
shell in dorsal, ventral, profile and posterior views, x 1. E, CPC 30872, internal mould of shell in ventral view
x 1.2. F-H, CPC 30873, ventral valve in posterior, ventral and profile views, x 1.
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Fig. 12. A=K, Waagenoconcha (Wimanoconcha) imperfecta Prendcrgpst. A, B, CPC 3087?, internal‘mould of
dorsal valve and latex cast frommould, x 1.3 and x 1.1. C, CPC 30880, juvenile dorsal valve in dorsal view, x 3.2
D, H, CPC 30881, cardinal process of incomplete dorsal valve, x 3.5. E, CPC 30882, cardinal proccss of incom-
plete dorsal valve, x 3.5. F, G, CPC 30883, cardinal proccss of incomplete dorsal valve, x 3.2. [, CPC 30885,
internal mould of dorsal valve, x 1. J, CPC 30886, incomplete internal mould of ventral valve, x 1. K, CPC 30887
and CPC 30888, incomplctc fragments of dorsal valves, x 1.

erally smaller than Australian material “but
otherwisc are close. I leave them as a comparison
in the synonymy above.

Waterhouse (1969a: 723; 1982a: 41, pl. 8, fig.
a) attributed a poorly preserved, incomplete
ventral valve and numerous “fragments of exter-
nal moulds” from the Arthurton Group, New
Zealand, to Waagenoconcha aft. imperfecta.
Examination of a latex cast of the figured ventral
valve (supplied by Dr Hamish Campbell, New
Zealand Geological Survey) indicates that the
specimen may be a waagenoconchinid but that
the generic and specific identifications are
premature and should await the discovery of
additional well preserved specimens.

Zone. Waagenoconcha (Wimanoconcha) imper-
fecta Zone (Archbold 1988a). This zone, of
Djhulfian age, is the youngest marine Permian
zone of the Australian continent (Archbold in

press).

Order SPIRIFERIDA Waagen, 1883
Suborder SPIRIFERIDINA Waagen, 1883
Superfamily SYRINGOTHYRIDACEA Fredericks,
1926
Family SYRINGOTHYRIDIDAE Fredericks, 1926
Subfamily PERMOSYRINXINAE Waterhouse,
1986

Genus Cyrtella Fredericks, 1924
Type species. Cyrtia kulikiana Fredericks, 1916.

Cyrtella sp.
Fig. 14A-C

Comments. Two speeimens (NMV P120351, a
dorsal valve, and GSWA 43869, a broken ven-
tral valve) from the Fossil Cliff Formation,
Perth Basin, arc figured in order to document
the occurrence of Cyrtella, or a related genus,
from the formation. The two specimens are in-
adequate for detailed comparison with the Car-
narvon Basin Tastubian-Sterlitamakian speceics
Cyrtella australis Thomas, 1971 or the Sterlita-
makian Canning Basin specics Cyreella koopi
Archbold, 1990, but the costal details suggest a
closer relationship with the former species.

Zone. Strophalosia irwinensis Zone. Sterlitama-
kian.

Superfamily SPIRIFERACEA King, 1846
Family SPIRIFERIDAE King, 1846
Subfamily SPIRIFERELLINAE Waterhouse, 1968

Genus Spiriferella Tschernyschew, 1902

Type species. Spirifer saranae de Verneuil, in Murchi-
son ct al. 1845.

Spiriferella australasica (Etheridge, 1889)
Fig. 14D-G

Spiriferella  australasica.—Archbold & Thomas
1985a: 39, figs | BB-HH, 2A-M (with synonymy).

Comments. A single specimen (WAM 87.475)
from the Wandagee Formation at a general lo-
cality on the Minilya River, Wandagee Station,
Carnarvon Basin is illustrated fully to show the
details of the fastigium of the dorsal valve. The
fastigium was onc of the few details of S. aus-
tralasica not able to be fully described by Arch-
bold & Thomas (1985a). The present specimen
shows that a shallow median groove arises on the
peak of the fastigium and persists to the anterior
margin of the valve, with the anterior margin
fold being distinet but flat-topped. Other details
of the specimen conform with the speeies de-
scription provided by Archbold & Thomas
(1985a).

Zone. Fusispirifer wandageensis Zone. Latest
Baigendzhinian to carltest Kungurian.

Subfamily NEosPIRIFERINAE Waterhouse,
1968

Genus Cartorhium Cooper & Grant, 1976

Type species. Cartorhium retusum Cooper & Grant,
1976.

Comments. The genus was fully deseribed by
Cooper & Grant (1976). The new species de-
scribed below is based on a single remarkable
specimen that does not readily fall into any other
genus of the Neospiriferinae, as defined by
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Archbold & Thomas (1984b). Although only one
speeimen is available, it is so unlike any other
Western Australian ncospiriferid that it is for-
mally named as a new specics.

Cartorhium imperfectum sp. nov.
Fig. 14H-K

Holotype. NMV P120352, an internal mould of a con-
joined shcll with portion of the shcll remaining ncar
the umbonal regions, from UWA locality WC 19,
north-cast of cast fence of Mungadan Paddock,
Wandagee Station; Wandagce Formation, Carnarvon
Basin. Collcctor Dr C. Teichert.

Measurements. Maximum width, 53.0 mm estimate;
hinge width, 40 mm cstimate; hcight of ventral valve,
37.8 mm; height of dorsal valve, 35.2 mm; thiekncss of

shell, 24.9 mm.

Description. Moderate sized speeies, trans-
versely subelliptical. Maximum width at
approximately half shell length, Hinge width
rclatively narrow. Ears absent.

Ventral umbo small, rounded and overhang-
ing low, relatively narrow intcrarea. Sulcus
absent at early ontogenetic stages, anteriorly de-
veloped as a broad flattening of valve with a
broad weakly dcveloped suleal tongue, Ventral
valve flanks barely plicate. Costae equidimen-
sional, bifurcate onee carly in ontogeny and once
more later in ontogeny, resulting in fascicles of
normally 4 costae at anterior margin of valve.
Costae broad, rounded with narrow intercostal
troughs, between 6 and 7 costac per em at an-
tcrior of valve. Ventral interior apical structures
unknown.

Dorsal fastigium barely discernible from lat-
eral flanks of dorsal valve, resulting in low,
broad fold at anterior margin. Latcral plications
not developed on valve flanks. Costac on an-
terior of valve comparable to ventral costae.
Dorsal apical structures not known except for
delicate median myophragm extending for
12 mm anterior to cardinal process.

Discussion. The specimen appears most closely
allied to species of Cartorhium but differs in its
finer costae and broader anterior sulcus and low,
broad fold. Specics assigned by Recd (1944) to

Purdonella are also allied but again do not
possess a low, broad fold.

Zone. Fusispirifer wandageensis Zone. Latest
Baigendzhinian to Early Kungurian.

Superfamily unecertain
Family INGELARELLIDAE Campbell, 1959
Subfamily INGELARELLINAE Campbell, 1959

Genus Tomiopsis Benediktova, 1956

Type species. Brachythyris kumpani Yanishcvskiy.
1935.

Tomiopsis hardmani Archbold & Thomas,
1986

Fig. 14L, M

Comnients. This species was fully described by Arch-
bold & Thomas (1986a) but the micro-ornamcnt was
poorly known. A singlc natural cast of a dorsal valve
(CPC 19851) from AGSO locality CR 1565, described
as Lat. 19°04°00”S, Long. 125°08’30"E, Kirkby Range
Mcmber, Hardman Formation, Canning Basin, Cross-
land mapshcct arca, providces details of thc micro-
ornament. This consists of elongate, narrow, shallow
surfacegroovesarranged in a subquincunx pattern and
hencce is diagnostic of Toniopsis.

Zone. The species oceurs in both the Liveringia
magnifica and  Waagenoconcha (Wimanoconcha)
imperfecta Zones of Archbold (1988a). Midian to
Djhulfian.

Supcrfamily RETICULARIACEA Waagen, 1883
Family ELYTHIDAE Frcdcericks, 1924
Subfamily ELYTHINAE Fredecrieks, 1924
Gcenus Spirelytha Fredericks, 1924

Type species. Spirelytha paviovae Archbold & Thomas,
1984.

Spirelytha kashirtsevi sp. nov.
Fig. 15A-D

Spirelytha sp. B.—Archbold & Thomas 1984a: 322,
fig. 4X-Z, AA.

Holotype. A natural cast of a shell, CPC 24231, from

the Quinnanic Shale, Carnarvon Basin. Full locality

Fig. 13. A-G, Waagenoconcha (Wimanoconcha) imperfecta Prendergast. A, CPC 30875, gerontie dorsal valvc,
intcrior view, x 1. B, CPC 30884, cxternal mould of large dorsal valve, x 1. C, CPC 30876, dorsal valve, intcrior
view, x |, D, CPC 30877, dorsal valvc cxternal view, x 1. E, CPC 30880, juvenile dorsal valve, interior view,
x 3.2. F, CPC 30878, submature dorsal valve, extcrior view, x 1. G, CPPC 30879, mature dorsal valve, intcrior

view, x 1.
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Fig. 14. A-C, Cyrtella sp. A, NMV P120351, incomplete dorsa! yalve in dorsal v_iew, x 1. B, C, GSWA 43869,
broken ventral valve in ventral and dorsal vievys, X l3 D-G, Spiriferella auslr.alaﬂ.c‘a (Etheridge), WAM 87.475,
shell in ventral, dorsal, posterior and anterior views, x 1. H-K, Cartorlmun' lmplerfectum sp. nov., NMV
P120352, holotype, internal mould of shell in ventral, dorsal, anterior and posterior views, x 1. L, M, Tomiopsis
hardimani Archbold & Thomas, natural cast of dorsal valve, x 1, and portion of surface enlarged, x 8.

details were provided by Archbold & Thomas

(1984a).

Eiymology. For Arkady Sergeevich Kashirtscv, Soviet
palacontologist and geologist.

Measurements. Maximum width, 23.5 mm; hinge

width, 15.5 mm; height of ventral valve, 17.5 mm;
height of dorsal valve, 17.4 mm; thickness, 12.0 mim.

Diagnosis. Equally convex valves with ventral
interarea at 90° to plane of dorsal valve. Moder-
ate size for genus, transversely oval in outline.
Ventral umbo low, pointed and overhanging in-

Fig. 15. A-D, Spirelytha kashirisevi sp. nov., CPC
24231, holotype, natural cast of shell in dorsal, profile,
posterior and ventral view, x 2.

terarca. Suleus distinet, broad, U-shaped in
eross scetion. Delthyrium large, triangular. Dor-
sal umbo small, sharp. Fastigium very low, only
visible on anterior half of valve. Fold low,
rounded.

Concentrie lamellae eoarse, about 7 per cm at
[.5 em from umbones, earrying poorly pre-
served biramous spine bases, about 2 per nim at
| em from umbones. Interior unknown. An-
terior commissure parasuleate.

Discussion. Archbold & Thomas (1984a) noted
that this speeimen represented a separate
speeies, which is now named because of its dis-
tinet biconvex profile, comparable size of both
valves and consequent angle of the ventral inter-
arca to the planc of the dorsal valve,

Most literature on Spirelythia was reviewed by
Archbold & Thomas (1984a) but it is noted
herein that Kashirtsev (1955) reeorded the
genus from north-castern Russia. Sinee the 1984
review, two Western Australian species have
been rceorded from north-castern Russia,
namely Spirelvtha fredericksi by Klets (1987)
and S. miloradovichi by Abramov & Grigoryeva
(1988).

Zoue, [Fusispirifer cundlegoensis Zone. Late
Baigendzhinian.
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